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1
SYSTEMS AND METHODS FOR
COMPENSATING AIRFLOW
DETERMINATIONS FOR AIR COMPRESSOR
BLEED

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims the benefit of the filing date
of Provisional Application No. 61/592,878 filed on Jan. 31,
2012, which is incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates generally to internal combus-
tion engines and engine driven air compressor systems, and
more particularly to systems and methods for compensating
airflow determinations for air compressor bleed of pressur-
ized intake air.

BACKGROUND

Environmental concerns and legislative mandates on emis-
sions are increasing, therefore, an increase in efficiency and
reduction in overall emissions for internal combustion
engines is desired. One way to increase overall system effi-
ciency is to bleed or divert a portion of pressurized air from an
intake to the internal combustion engine into the inlet of an air
compressor, reducing the overall work of the compressor for
the same output. The use of pressurized fresh air to drive flow
into the air tank is more reliable and takes less time to fill the
tank than naturally aspirated compressors. However, this
diversion affects the accuracy of the determination of the
fresh airflow component of the charge flow to the intake of the
engine during air compressor operation. Therefore, various
control operations that use fresh airflow values for engine
operation can be adversely affected and possibly result in an
emissions spike and other adverse conditions during com-
pressor operation. Therefore, further technological develop-
ments are desirable in this area.

SUMMARY

One embodiment is a unique method for compensating
airflow determinations for air compressor bleed of pressur-
ized intake air in an engine driven compressor system. Other
embodiments include unique methods, systems, and appara-
tus to determine airflow to an engine and/or to an air com-
pressor in engine-driven air compressor systems. Further
embodiments, forms, objects, features, advantages, aspects,
and benefits shall become apparent from the following
description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The description herein makes reference to the accompany-
ing drawings wherein like numerals refer to like parts
throughout the several views, and wherein:

FIG. 1 is a schematic block diagram of one embodiment of
an internal combustion engine and air compressor system.

FIG. 2 is a schematic block diagram of an air compressor
system, and FIGS. 2A and 2B show schematic diagrams of a
single cylinder positive displacement air compressor and a
multiple cylinder positive displacement air compressor,
respectively.
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FIG. 3 is a schematic block diagram of a controller that
functionally executes certain operations for determining air-
flows in an internal combustion engine driven air compressor
system.

FIG. 4 is one embodiment of an illustrative compressor
table.

DESCRIPTION OF THE ILLUSTRATIVE
EMBODIMENTS

For the purposes of promoting an understanding of the
principles of the invention, reference will now be made to the
embodiments illustrated in the drawings and specific lan-
guage will be used to describe the same. It will nevertheless
be understood that no limitation of the scope of the invention
is thereby intended, any alterations and further modifications
in the illustrated embodiments, and any further applications
of the principles of the invention as illustrated therein as
would normally occur to one skilled in the art to which the
invention relates are contemplated herein.

FIG. 1 is a schematic block diagram of one embodiment of
a system 101 for a vehicle 100 with an internal combustion
engine 102 and an engine-driven air compressor 112. The
system 101 includes an air intake assembly 134 to provide a
source of fresh air to engine 102 and air compressor 112. In
some embodiments, the air intake assembly 134 includes an
air inlet 104 that draws ambient air 106 toward a pressure
source 110. The pressure source 110 receives an airflow from
inlet 104 and creates an inbound pressurized airflow 132. In
certain embodiments, the pressure source 110 is a turbo-
charger; however, in other embodiments the pressure source
can be a positive displacement supercharger, a dynamic com-
pression supercharger, and/or any other device capable of
increasing the pressure of the pressurized airflow 132.

A flow meter 108, such as mass airflow sensor (MAF), can
be disposed upstream of'the pressure source 110. In a specific,
nonlimiting embodiment, the MAF 108 is disposed at a com-
pressor inlet of a turbocharger. In certain embodiments, it is
contemplated that the flow meter 108 can be a vane type air
flow meter, a hot wire air flow meter, or any other flow meter
108 through which a mass air flow can be determined.

In certain embodiments, the air intake assembly 134 may
include a number of features not shown in FIG. 1, including
anair filter, noise reduction and flow altering devices, such as,
but not limited to, baffles. Furthermore, the pressure source
110 can be in flow communication with a charge air cooler or
an intercooler 111 between pressure source 110 and the take-
off for compressor flow 128.

Downstream of the pressure source 110, the pressurized
airflow can diverge into an engine fresh airflow 130 bound for
an internal combustion engine 102 and a compressor airflow
128 bound for an air compressor 112. The internal combus-
tion engine 102 can be a diesel engine, a gasoline engine, a
Wankel rotary engine, or any other type of internal combus-
tion engine 102. The system 101 can further include an
exhaust gas recirculation system 114 which recirculates a
portion of exhaust gas that mixes with the engine fresh airflow
130 bound for the internal combustion engine 102 down-
stream of the compressor airflow 128.

The air compressor 112 receives the compressor airflow at
an inlet 126. In one embodiment, the air compressor 112 is a
single cylinder positive-displacement air compressor such as
shown in FIG. 2A. However, it is contemplated that air com-
pressor 112 may include a rotating impeller to generate an
increase in air pressure, can be a multiple piston positive-
displacement compressor such as shown in FIG. 2B, or may
be any other type of compressor which increases the pressure
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of the compressor airflow 128. It is also contemplated that
compressor 112 is mechanically coupled to engine 102. The
compressed air from the air compressor 112 can be stored in
an air tank 116 which can include a pressure gauge 122. The
pressure gauge 122 can be a Bourden gauge, a diaphragm
gauge, a hydrostatic gauge, or any other digital and/or analog
gauge which can provide or be converted to a pressure mea-
surement of the air tank 116. The compressed air can be
provided to air brakes 124, suspension equipment, and/or any
other pneumatic devices or systems of the vehicle.

Referring to FIG. 2, one embodiment of an air compressor
system is shown. The system includes a governor 202 that is
mechanically connected to air compressor 112 and to air tank
116 to regulate airflow to air tank 116 between predetermined
air tank pressures. In one embodiment, the air compressor
112 includes two unloader ports ported to one another and a
supply port to air tank 116. The governor 202 also includes at
least two unloader ports, at least one reservoir port, and at
least one exhaust port (not shown). A signal line 206 is con-
nected between compressor and governor unloader ports. The
governor 202 and an unload signal line are connected to the
other air compressor unloader port with connection 208. Air
compressor 112 is also connected to air tank 116 with con-
nection 210 that can be opened and closed with governor 202,
and air tank 116 is connected to the reservoir port of governor
202 with pressure line 212.

One or more pressure sensors 204 can be connected to the
air compressor 112 and the governor 202 at signal line 206. In
some embodiments, a pressure sensor 204 such as a pressure
transducer 204 can be utilized; however, it is contemplated
that any pressure sensor combination can be utilized which
can be correlated to a pressure between the air compressor
112 and the governor 202. In one embodiment, pressure sen-
sor 204 provides a first reading when air compressor 112 is
activated and pumping compressor airflow 128 and a second
reading when compressor 112 is deactivated and not pumping
compressor airflow 128.

In certain embodiments, the system 101 further includes a
controller 120 structured to perform certain operations to
determine an airflow into internal combustion engine 102. In
certain embodiments, the controller 120 forms a portion of a
processing subsystem including one or more computing
devices having memory, processing, and communication
hardware. The controller may be a single device or a distrib-
uted device, and the functions of the controller 120 may be
performed by hardware or software.

In certain embodiments, the controller 120 includes one or
more modules structured to functionally execute the opera-
tions of the controller 120. In certain embodiments, the con-
troller 120 includes an operation conditions module, a fresh
airflow module, and a flow reporting module. The description
herein including modules emphasizes the structural indepen-
dence of the aspects of the controller, and illustrates one
grouping of operations and responsibilities of the controller
120. Other groupings that execute similar overall operations
are understood within the scope of the present application.
Modules may be implemented in hardware and/or software
on computer readable medium, and modules may be distrib-
uted across various hardware or software components. More
specific descriptions of certain embodiments of controller
120 operations are included in the section referencing FIG. 3.
Certain operations described herein include interpreting one
or more parameters.

Interpreting, as utilized herein, includes receiving values
by any method known in the art, including at least receiving
values from a datalink or network communication, receiving
an electronic signal (e.g. a voltage, frequency, current, or
PWM signal) indicative of the value, receiving a software
parameter indicative of the value, reading the value from a
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memory location on a computer readable medium, receiving
the value as a run-time parameter by any means known in the
art, and/or by receiving a value by which the interpreted
parameter can be calculated, and/or by referencing a default
value that is interpreted to be the parameter value.

FIG. 3 is a schematic block diagram of a controller 120 that
functionally executes certain operations for determining air-
flows to internal combustion engine 102 and air compressor
112. In an exemplary embodiment of the present invention,
the controller 120 includes an operation conditions module
302 thatreceives various inputs and interprets an air compres-
sor operational status 312 from air compressor module 320.
Operation conditions module 302 further receives various
inputs and interprets a flow estimation model 308 based on
one or more of these inputs to determine the reduction in fresh
airflow to the intake of engine 102 during operations of air
compressor 112. The inputs to operation conditions module
302 and/or air compressor module 320 include a flow param-
eter 310 from mass airflow sensor 108, a charge flow value
330 at the intake of engine 102, engine operating condition
328 (such as speed, load, temperature, etc.) and an air com-
pressor pressure value 322.

A fresh airflow module 304 determines a fresh airflow
value 306 for engine fresh airflow 130 to the intake of internal
combustion engine 102 in response to the operational status
of'the air compressor 312, the flow estimation model 308, and
the flow parameter 310. A compressor flow module 324 deter-
mines a compressor flow value 326 for compressor airflow
128, which corresponds to the fresh airflow from pressure
source 110 that is “bled off” or diverted from the intake of
engine 102. An EGR flow module 332 determines an EGR
flow value 334 that is indicative of the flow from the EGR
system 114 that is returned to the engine intake and is deter-
mined from the mass charge flow to the intake and fresh
airflow value 306.

A flow reporting module 314 determines the timing and
systems in which to communicate fresh airflow value 306. For
example, the fresh airflow value 306 can be reported to engine
control module 316 along with compressor flow value 326
and EGR flow value 334. Engine control module 316 can
adjust a combustion parameter 318 during engine operation
according to the fresh airflow value 306 and EGR flow value
334 to the intake of engine 102, for which compensation is
made for the diversion of fresh airflow to air compressor 112
during operation of air compressor 112.

Air compressor module 320 identifies when air compressor
112 is active and inactive from air compressor pressure value
322.In one embodiment, an air compressor mounted pressure
switch on air compressor 112 and a governor mounted pres-
sure transducer on governor 120 are used to detect activation
and deactivation of air compressor 112. Signals indicating
activation and deactivation of air compressor 112 determine
air compressor operational status 312 which is communicated
to operation conditions module 302. In other embodiments,
activation and deactivation may be detected without a system
sensor by, for example, monitoring or detecting changes in
charge/boost pressure, changes in charge/boost temperature,
changes in charge flow, changes in intake oxygen levels,
changes in engine torque, exhaust emissions changes, or
coolant temperature changes.

Flow estimation model 308 can be in the form of one or
models that estimate the bleed or diversion of pressurized
airflow 132 for compressor airflow 128 during activation of
air compressor 112. In one embodiment, flow estimation
model 308 includes a table-based compressor efficiency
model. This embodiment of the model estimates the mass of
compressor airflow 132 according to the following equation:

(Miteed)approx=Vaisp R EspaPCa

whereV ;,is the displacement volume of the air compressor;
R is the compressor to engine speed ratio;
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B, 1s the engine speed in rpm’s;
p is the density of the boosted air; and
C, is the discharge coefficient, where the discharge coefli-
cient captures the resistance to filling up of the supply tank
116 at a given pressure, and reflects the system volumetric
efficiency.
For a given compressor, C, can be determined from a look
up table stored in the memory of controller 120 where the

6

In another embodiment, flow estimation model 308
includes a compressor flow estimation based on mass/mo-
mentum conservation. In this method, air compressor 112 is
treated as a device within a control volume and the pressure
and temperature of the upstream and downstream flow con-
ditions are measured to determine the volumetric flow rate of
air compressor 112. This method is based on the following
relationships:

d
Mass conservation: —f pd¥+f ovmdA =0
drJey cs

d
Key relationshipst Momentum conservation: —f pv1d¥+f oVivmdA = Z F;
drJey cs al

discharge coefficient is based on the air compressor inlet
boost pressure and speed of the air compressor 112, as indi-
cated by the following function: S(Pz,05 @y comp)-

In another embodiment, flow estimation model 308
includes a compressor flow estimation based on flow tables of
the compressor and governor/air tank pressure. This model
employs compressor flow maps where compressor airflow is
mapped as a function of the air compressor inlet boost pres-
sure (P,,,,), the speed of the air compressor (®,,, ) and
the pressure of the tank (P,,,,), as indicated by the following
function: S(Pg,05n ®air comps Prami)- Bach of the pressure
parameters can be determined from sensors positioned on the
air compressor and the reservoir port of the governor, respec-
tively. From these parameters, a compressor airflow 128 can
be established from a map such as shown in FIG. 4.

In a variation of this embodiment, a virtual sensor for
measuring the pressure of air tank 116 is employed rather than
a physical sensor. The virtual pressure sensor is based on the
Perfect Gas Law:

kb Trank - Ntotecutes
Prog = —————
Tank

where k, is Boltzmann’s constant;
T 1.z 1s the absolute temperature of air tank 116;
N, otocutes 18 the mumber of molecules in the tank; and
V i 18 the volume of air tank 116.

This equation depends on knowing the volume of air tank
116 and the number of air molecules in the air tank 116. The
number of air molecules is computed iteratively as:

Th(r)
60
Ar

Nuotecutes (1) = Nmotecutes(T = 1) +

Mgy
w(r)

= Niotecutes (I = 1) + o
- - (4.81-10726)

where

Pranc(0) - Viam
Ky Tram (0) 7

Pran (0) from pressure switch,

Nootecutes(0) =

Trank = T ambient
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P
Gas law: p = T

The mass and momentum conservation equations give two
equations with two unknowns, the air compressor inlet veloc-
ity and outlet velocity (v, and v,), as follows.

Mass Conservation:

Py
A= A2 = —ViA
PLVIAL = p2V2A2 RT, V1A]

Py
= R—Tzvaz:vz
P AT
“TE R

_PATD

TPhAT "

Momentum Conservation:

Pav2 do=piviPd = Ay P-4\ P +P,
PTank!Pl)

The air compressor force F;,. ., is based on a regression
model that is created and calibrated as a regression model of
air compressor operating parameters, and stored as a look up
table in the controller during engine set-up. Furthermore, this
model requires sensing of several parameters, including the
boost pressure and boost temperature at the air compressor
inlet (P, and T)), the air compressor pressure and the air
compressor temperature (P, and T,), the tank pressure
(P> the engine speed (W, oom,), and air compressor
intake area A, and outlet area A,.

One aspect of the present application includes a method
comprising interpreting a flow parameter of an airflow bound
for a source of pressurization; pressurizing the airflow; direct-
ing the pressurized airflow to an intake of an internal com-
bustion engine; fluidly coupling the pressurized airflow to an
air compressor at a location upstream of the intake of the
internal combustion engine; interpreting an operational status
of the air compressor, the air compressor structured to divert
afirst portion of the pressurized airflow when operating while
a second portion of the pressurized airflow is received by the
intake; and determining a flow estimate for at least one of the
first and second portions of the pressurized airflow in
response to the flow parameter and the operational status.

In one refinement, determining the flow estimate for at
least one of the first and second portions further includes first
determining a flow estimate for the first portion of the pres-
surized airflow.

i comp\ Oair compr
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In another refinement the method further comprises direct-
ing a stream of exhaust gas into the second portion of the
pressurized airflow at a location downstream of the location
the air compressor is fluidly coupled to the pressurized air-
flow and upstream of the intake, wherein the second portion
of the pressurized airflow and the exhaust stream mix to
provide a charge airflow to the intake. In a further refinement,
the method includes determining a flow estimate for the
stream of exhaust gas. In another further refinement, deter-
mining the flow estimate for the second portion of the pres-
surized airflow comprises determining a fresh airflow portion
of the charge airflow. In yet a further refinement, the method
further comprises adjusting a combustion parameter in
response to the determination of the fresh airflow portion.

Another aspect of the present application includes a
method comprising providing an internal combustion engine
and an air compressor, each receiving a portion of pressurized
air from a pressure source, interpreting an operational status
of'the air compressor, and in response to the operational status
of the air compressor, determining a fresh airflow to the
internal combustion engine.

In one refinement of this aspect, determining a fresh air-
flow to the internal combustion engine further includes deter-
mining an airflow from the pressurized air to the air compres-
sor utilizing a flow estimation model. In a further refinement,
determining the airflow to the air compressor further includes
selecting at least one model selected from the group of models
consisting of table based, air-tank pressure based, virtual
air-tank pressure based, and mass-momentum conservation
based models. In another further refinement, the method
includes introducing an exhaust gas recirculated from the
internal combustion engine into the portion of pressurized air
received by the internal combustion engine. In yet a further
refinement, the method includes determining a charge flow of
the internal combustion engine, and determining an exhaust
gas recirculation flow into the internal combustion engine in
response to the charge flow and the fresh airflow to the inter-
nal combustion engine.

In another refinement of this aspect, the method includes
interpreting a system fault and distinguishing a mass airflow
sensor failure and an air-compressor failure in response to
interpreting the system fault. In another refinement, the
method includes adjusting a combustion parameter in
response to the fresh airflow to the internal combustion
engine. In yet another refinement, determining the opera-
tional status of the air compressor further comprises interpret-
ing an engine operational condition.

Yet another aspect of the present application is an appara-
tus, comprising an internal combustion engine and an air
compressor driven by the engine, the internal combustion
engine includes an intake system with a mass airflow (MAF)
sensor in communication with a controller, located upstream
of a pressure source. The apparatus further includes an air
compressor inlet located downstream of the pressure source
and upstream of the internal combustion engine and means
for determining an airflow from the pressure source into the
air compressor.

One refinement of this aspect includes means for determin-
ing an operational status of the air compressor. In another
refinement this aspect includes means for determining a fresh
airflow into the internal combustion engine.

Still yet another aspect of the present application includes
a system comprising a first airflow bound for a source of
pressurization, a first flowpath operably coupled to receive a
portion of a pressurized airflow from the source of pressur-
ization and structured to provide a portion of the pressurized
airflow to an air compressor, and a second flowpath operably
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coupled to receive a portion of the pressurized airflow from
the source of pressurization and structured to provide the
portion of the pressurized airflow to an internal combustion
engine. The system further includes a controller including an
operation conditions module structured to interpret an opera-
tional status of the air compressor, a flow estimation model,
and a flow parameter of the first airflow, a fresh airflow mod-
ule structured to determine a fresh airflow value of the second
flowpath, in response to the operational status of the air com-
pressor, the flow estimation model and the flow parameter of
the first airflow, and a flow reporting module structured to
provide the fresh airflow value.

In one refinement of this aspect the controller further com-
prises an engine control module structured to adjust a com-
bustion parameter in response to the fresh airflow value. In
another refinement, the operation conditions module is fur-
ther structured to interpret at least one of an engine operating
condition and an air compressor pressure differential value,
wherein the controller further comprises an air compressor
module structured to determine the operational status of the
air compressor in response to the at least one of the engine
operating condition and the air compressor pressure differen-
tial value.

In yet another refinement of this aspect the controller fur-
ther comprises an air compressor flow module structured to
determine a compressor flow value in response to at least one
of the flow parameter and the fresh airflow value, and the
operational status of the air compressor, the flow estimation
model, and the flow parameter of the first airflow. In another
refinement, an exhaust gas recirculation (EGR) outlet is con-
nected to the first flowpath and upstream of the second flow-
path. In yet another refinement, the operation conditions
module is further structured to interpret a charge flow value of
the internal combustion engine, and wherein the controller
further comprises an EGR flow module structured to deter-
mine an EGR flow value in response to the charge flow value,
the compressor flow value, and the flow parameter.

In another refinement of this aspect, the source of pressur-
ization is a turbocharger and the internal combustion engine is
a diesel engine. In a further refinement, the air compressor is
a single cylinder air compressor.

While the invention has been illustrated and described in
detail in the drawings and foregoing description, the same is
to be considered as illustrative and not restrictive in character,
it being understood that only certain exemplary embodiments
have been shown and described and that all changes and
modifications that come within the spirit of the inventions are
desired to be protected. In reading the claims, it is intended
that when words such as “a,” “an,” “at least one,” or “at least
one portion” are used there is no intention to limit the claim to
only one item unless specifically stated to the contrary in the
claim. When the language “at least a portion” and/or “a por-
tion” is used the item can include a portion and/or the entire
item unless specifically stated to the contrary.

What is claimed is:

1. A method of operating an internal combustion engine
and an air compressor operably connected to one another,
each receiving a portion of pressurized air from a pressure
source, the internal combustion engine including a controller
with instructions encoded on a non-transitory computer read-
able medium to execute:

interpreting, with the controller, an operational status of the

air compressor;

in response to the operational status of the air compressor

being active to indicate a diversion of the portion of
pressurized air from the pressure source to the air com-
pressor, determining, with the controller, a compressor
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flow value of the portion of pressurized air received from
the pressure source by the air compressor, and further
comprising determining, with the controller, a fresh air-
flow value to the internal combustion engine in response
to the compressor flow value and a flow value for the
pressurized air from the pressure source from a mass
airflow sensor operably coupled to the controller; and

adjusting, with the controller, a combustion parameter for
the internal combustion engine in response to the fresh
airflow value to the internal combustion engine to com-
pensate for the diversion of the portion of pressurized air
from the pressure source to the air compressor.

2. The method of claim 1, wherein determining the com-
pressor flow value further includes utilizing a flow estimation
model.

3. The method of claim 2, wherein utilizing the flow esti-
mation model further includes selecting at least one model
from the group of models consisting of compressor efficiency
table based, air-tank pressure based, virtual air-tank pressure
based, and mass-momentum conservation based models.

4. The method of claim 2, further including introducing an
exhaust gas produced by the internal combustion engine into
the portion of pressurized air received by the internal com-
bustion engine for recirculation of the exhaust gas to the
internal combustion engine.

5. The method of claim 4, further including determining a
charge flow of the internal combustion engine, and determin-
ing an exhaust gas recirculation flow into the internal com-
bustion engine in response to the charge flow and the fresh
airflow to the internal combustion engine.

6. The method of claim 1, wherein determining the opera-
tional status of the air compressor further comprises interpret-
ing an engine operational condition.

7. An engine driven compressor apparatus, comprising:

an internal combustion engine and an air compressor
driven by the internal combustion engine, the internal
combustion engine including an air intake system;

a mass airflow (MAF) sensor in the intake system in com-
munication with a controller, the MAF sensor located
upstream of a pressure source;

an air compressor inlet located downstream of the pressure
source and upstream of the internal combustion engine;
and

a controller operably connected to the MAF sensor, the
internal combustion engine, and the air compressor,
wherein the controller includes a non-transitory com-
puter readable medium with instructions executable to:

determine an airflow from the intake system into the air
compressor during operation of the air compressor in
response to a flow parameter determined by the MAF
sensor and a flow estimation model associated with the
air compressor;

determine a fresh airflow into the internal combustion
engine from the flow parameter determined by the MAF
and the airflow into the air compressor; and

adjust a combustion parameter of the internal combustion
engine in response to the fresh airflow.

8. The engine driven compressor apparatus of claim 7,
wherein the instructions are executable to determine an
operational status of the air compressor in response to a signal
from a pressure sensor associated with the air compressor.
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9. An internal combustion engine system, comprising:
a first airflow bound for a source of pressurization;
afirst flowpath operably coupled to receive a first portion of
a pressurized airflow from the source of pressurization
and structured to provide the first portion of the pressur-
ized airflow to an air compressor;
a second flowpath operably coupled to receive a second
portion of the pressurized airflow from the source of
pressurization and structured to provide the second por-
tion of the pressurized airflow to an internal combustion
engine; and
a controller operably connected to the internal combustion
engine and the air compressor, the controller including a
non-transitory computer readable medium with instruc-
tions executable to:
interpret an operational status of the air compressor, a
flow estimation model having been stored in a
memory of the controller, and a flow parameter of the
first airflow measured by an airflow sensor and pro-
vided to the controller;

determine a fresh airflow value of the second flowpath in
response to the operational status of the air compres-
sor being active, the flow estimation model providing
a compressor flow value as the air compressor being
active, and a difference between the flow parameter of
the first airflow and the compressor flow value; and

adjust a combustion parameter of the internal combus-
tion engine in response to the fresh airflow value that
compensates for a reduction in the fresh airflow value
to the internal combustion engine indicated by the
compressor flow value.

10. The internal combustion engine system of claim 9,
wherein the controller further comprising executable instruc-
tions to interpret at least one of an engine operating condition
in response to at least one sensor associated with the engine
and an air compressor pressure differential value in response
to at least one pressure sensor associated with the air com-
pressor, and to determine the operational status of the air
compressor is active in response to the at least one of the
engine operating condition indicating a changed engine oper-
ating condition and the air compressor pressure differential
value indicating a change in pressure.

11. The internal combustion engine system of claim 9,
further including an exhaust gas recirculation (EGR) system
connected to the internal combustion engine and to the second
flowpath at a location downstream of the first flowpath.

12. The internal combustion engine system of claim 11,
wherein the controller further comprising executable instruc-
tions to interpret a charge flow value of the internal combus-
tion engine in response to one or more operating conditions of
the engine, and to determine an EGR flow value in response to
a difference between the charge flow value and, the fresh
airflow value.

13. The internal combustion engine system of claim 9,
wherein the internal combustion engine is a diesel engine.

14. The internal combustion engine system of claim 13,
wherein the air compressor is a positive displacement air
compressor.



